63
Different methods are used to monitor this species; the detection of singing males is very frequent (see e.g. LAUSSMAN 1994) . It is necessary to use the bat detector but the method is very suitable as it does not influence the population. Transect method is also used very frequently and adults can be caught by sweeping or netting (KÖHLER 2001) .
The eastern saw-tailed bush-cricket is often referred to as a pest of spruce (Picea abies [L.] Karst.) forests (e.g. ESCHERICH 1928; HABER 1953; KRYSTEK 1964; GÓRNAŚ 1965) because it feeds on needles, buds and bark (see e.g. HARZ 1957 HARZ , 1960 NAGY 1983) . In the Czech Republic, the population densities are probably very low and therefore it is not of any economic importance in forests. An occasional outbreak is possible although the triggering mechanism is not known. The coincidence with the outbreak of Lymantria monacha (Linné 1758) was often observed (reviewed by HABER 1953; TORKA 1908; NOLTE 1939; NIKLAS 1939; SCHWERTFEGER 1942 ; last reference by LIŠKA, ŠRŮTKA 1994) but nothing is known about its initiation. Outbreaks were often reported in pine (Pinus sylvestris L.) forests in Poland (HABER 1953; GÓRNAŚ 1965; KRYSTEK 1964; BURZYNSKI, SIEROTA 1992; KOLK, SIEROTA 1994 , 1995 , 1997 , 1998 , 1999 , 2000 , 2001 , 2002 , 2004 , 2005 .
So far little has been known of the biology of Barbitistes constrictus. Even data on the number of instars differ and the method of establishing them is missing in these works (see e.g. SZMIDT 1969; GOTTWALD et al. 2002) . In the Czech Republic only faunistic works exist, some data on the occurrence of this species in the eastern part of the Czech Republic were presented by HOLUŠA (2000) .
In this paper the bionomy of this species in the eastern part of the Czech Republic, possibilities of monitoring and population density in different stages of forest were studied.
MATERIALS AND METHODS
Study sites. The study area is situated in the eastern part of the Czech Republic. The study was carried out in 1998-2004 in 27 localities (Tables 1 and 2 ), situated in intensively cultivated hills (Ostravská pánev basin, Podbeskydská pahorkatina hills) with forest coverage 9-20% (dominance of Norway spruce is 30-50%), in the Nízký Jeseník hills (forest coverage is 70%, dominance of Norway spruce 68%) and in the Moravskoslezské Beskydy Mts. (forest coverage is 90%, dominance of Norway spruce 76%). Two localities are situated in the Javorníky highlands (forest coverage is 55%, dominance of Norway spruce 67%) (CULEK 1996) . All spruce forests are of artificial origin and have recently been stressed by drought and honey fungus in lower altitudes (HOLUŠA, LIŠKA 2002) .
Traps and trapping periods. Bush-crickets were collected using Malaise traps -model TOWNES (1972) in selected study localities during 1998-2004 (Table 1). The traps were exposed in various Norway spruce forest stands from March/April to October and were emptied at irregular, two to four weeks intervals. In 1998, the majority of traps were operated only from March to June and emptied every three days.
In addition sweeping was used: 100 sweeps per stationary 25 m long transect (each sweep per each step). The diameter of the sweep net was 40 cm and the length of the stick was 50 cm. The lower branches of sunny woodland borders (height of forests varied around 10 m) were swept from the ground to approximately 2.5 m in eight localities in 1998 (every three days) ( Table 1 ) and in Hostašovice locality at ten sites in 2004 (every week) ( Table 2 ). In Paskovský les locality, several dozens (1998: 30, 1999: 30, 2000: 30, 2001: 29, 2002: 39, 2003: 22) emergence traps (50 × 50 cm) were installed in an older spruce forest (height 20 m, age 60 years) each year of the study. In Hostašovice locality, five traps (1.25 m 2 ) in a young forest (height 10 m, age 20 years) and three traps (1.5 m 2 ) in a mature forest (height 20 m, age 70 years) were used.
In Hostašovice locality, sticky bands were used on ten trees at three sites (young forest 10 m high, mature forest 20 m high, mature forest 30 m high). Bands 5 cm wide were sprayed with the glue SOVEURODE ® at the height of 1.3 m.
Female counting was performed in the mature spruce forest in Hostašovice locality along the line 500 m long from July to October at two-week intervals. Each tree was watched around.
Abbreviations: Y -young forest-thicket, pole timber; M -mature, high forest; MA -Malaise trap; SW -sweeping; ET -emergence trap; SB -sticky band; C -female counting.
We measured the following values of all captured specimens ( Fig. 1) : the width of head (a), the length of pronotum (b), the length of hind wing-pad or forewing -if exist (c), the length of femur (d), the length of tibia (e) and length of ovipositor in females (f ). If possible, the right leg was measured. In case the right leg was missing, the left one was used.
Statistical analyses. ANOVA with repeated measures was used for the statistical analysis of spatial and temporal differences in samples caught under sticky bands. Site was the between subject effect and time of the control was the within subject effect. Kruskal-Wallis nonparametric test was used to compare the number of swept specimens at ten sites in Hostašovice locality. Sex ratio (p = number of males:number of females) was tested using the following formula (test of relative counts) if n > 40 and p ∉(0.3; 0.7)
or if p ∉ (0.3; 0.7) so that Z = (2 × arcsin√ w -2 × arcsin√ p 0 ) √ n and z 0.05 = 1.96.
RESULTS
In total, 174 specimens were caught in eleven localities (Table 1) (Alnus glutinosa) forests in Hostašovice locality. On the contrary, bush crickets were found on the edge of mixed forests although they were the most abundant in pure spruce forests (Table 2 , Fig. 9 ).
Definition of instars.
Only the curves of frequencies of the lengths of femurs and tibias, both in males and females, showed very clear clusters defining the particular instars. The definition of (Tables 3 and 4 ). The wings probably appear in the fourth instar, but it is not regular in females. The length of ovipositor of the older nymphs is often the same as in adults, but the edges are smooth, not serrate. Life history of Barbitistes constrictus. Only two nymphs of B. constrictus were caught in emergence traps at the end of April in Paskovský les locality (Table 5) , which represents the population density of 0.2 specimen/m 2 . The nymphs also appeared under sticky bands at the end of April (Table 5 ). In total, 14 specimens of nymphs were caught at all three study sites only on two dates (27. 4. 2004 and 1. 5. 2005) in Hostašovice locality.
We did not find any differences in catches under sticky bands (calculated per girth of stem at the height of 1.3 m) between the sites (p = 0.13419; n.s.) and between the dates of collection (p = 0.346878; n.s.) and between the sites in dependence on time (interaction term) (p = 0.73754, n.s.).
In the localities Hostašovice and Paskovský les totally 111 nymphs were swept from the end of April to the first decade of June (Table 5 , Figs. 6 and 7) . The percentage of instars in samples changed continuously in favour of higher instars and the fourth and fifth instars are presented together. Based on the data from Paskovský les the duration of particular instars was determined using moving average and subtraction of the value to 50% (Fig. 8) . The duration of the first instar was about 11 days, of the second 13 days, of the third 10 days and of the fourth and fifth instar together more than 11 days. The equality of samples in different forest types in Hostašovice locality was tested using Kruskal-Wallis nonparametric test but the hypothesis of equality (H 0 ) was not confirmed (H = 28.31, P = 0.0008**). For better demonstration the results are presented in Fig. 9 although sometimes the confidence intervals reach negative values, which is a result of no specimen caught at the sites. Mainly sites SW1 and SW 3 differ highly significantly.
The first adults were found out at the end of July (Table 5 ) and the last females were observed in Hostašovice locality on 11. 9. 2004 (counting on transect, totally 8 specimens were caught: 28. 7. 2004 -2; 7. 8. 2004 -3; 28. 8. 2004 -2; 11. 9. 2004 -1) Sex ratio. It is possible to define only the secondary sex ratio based on the material found under sticky bands (5 m/9f = 0.555556) and from sweeping (24 m/32f = 0.75) if we assume the same mortality in both sexes. In the first case, the sex ratio is equal (z = 0.418), on the other hand, the sex ratio is female biased (z = 3.918) in the material from sweeping.
DISCUSSION
Barbitistes constrictus occurs from the lowest sites to the high mountains (KOČÁREK, HOLUŠA 2005), which was also confirmed in our study.
We found out the bush-cricket in forests of different age, e.g. lower than 3 m to mature forests of 30 m. On the contrary, LAUSSMAN (1994) did not find it in a younger forest that was lower than 3 m although other authors (HABER 1953; SZMIDT 1969) confirmed its occurrence in young forests. The bushcricket was found most abundantly in pure spruce forests or in forests with dominance of spruce but several specimens were collected in mixed forests with a lower number of spruces and the presence of broad-leaf bushes. GOTTWALD et al. (2002) , KÖHLER (2001) did not confirm the strict preference of forest types. Marked preference of spruce is not probably based on food preference (GOTTWALD et al. 2002) , which was also confirmed by very frequent occurrence and outbreaks in pine forests in Poland. The preference of coniferous forest can be based on a better spread of sound in the crowns of trees (GOTT-WALD et al. 2002) . The preference of sunny edges is probably a result of daily activity. No specimen was found inside the forest or at shady places. Only hatched nymphs or females laying eggs can be found inside the forests.
The first nymphs appeared at the end of April and the whole development to the adult stage took about 10-12 weeks (duration of particular instars could depend on locality and weather of the year of observation -temperature and moisture). Based on our material the existence of five instars was confirmed in agreement with other authors (HABER 1953; SZMIDT 1969; INGRISCH 1977; INGRISCH, KÖHLER 1998 ) although they did not describe how this number was established. Only GOTTWALD et al. (2002) mentioned six instars in the table with the length of femur.
Probably immediately after hatching and leaving the ground the youngest nymphs climb up to the crowns of trees and they could be caught by sticky bands and later by sweeping on lower branches. We found the female biased sex ratio in nymphs although only KRYSTEK (1964) recorded the sex ratio 4:3 of adults but in outbreak. Adulthood extends from July to October as BELLMANN (1988) reported.
The exact comparison of the used methods is not possible because of their different frequency of checking, time of using, target stadium of bushcricket, etc. It means that only subjective evaluation is possible. The sweeping of nymphs appears to be the most effective method. By sweeping bush crickets of each instar can be caught and the numbers of caught specimens were the most abundant in comparison with the other methods. The choice of the site is very important because the effectiveness of sweeping depends on isolation very much -the open forest edges with branches to the ground with southern or south-eastern expositions nearby clearings are the most suitable. This method depends on the weather very much.
The method of sticky bands is more suitable for the first instar nymphs that huddle under them and it is very easy to catch and to observe them. Using a high number of sticky bands and frequent checks seems to be a reliable monitoring method. It is very handy and one spraying of glue is enough even in a dusty mature forest and under intensive production of pollen. In our experiments, we did not confirm different abundance in forests of different age (using emergence traps and sticky bands), but the total number was very low.
The method of emergence traps is not very suitable. Abundance of eggs in the ground is low even during outbreaks (KRYSTEK 1964; SZMIDT 1969) and the studied area is small and it is not a handy method.
To catch adults, the transect method and observation of trees during late summer is the most effective when females go down to lay eggs into the ground. Disadvantages are the influence of weather conditions and female biased sex ratio but the method is cheap and technically simple. Malaise trap is only occasionally effective for the collection of orthopteran species (see e.g. HOLUŠA, VIDLIČKA 1997).
The method of counting singing males would be the most suitable for the monitoring of this species but the use of bat detector is necessary (KÖHLER 2001; LAUSSMANN 1994) .
The method of cutting trees would be effective and useful but only in older forests. We found seven specimens on one cut spruce in Václavovický les locality within several minutes (the height of tree was 16 m, height of crown 4 m, open canopy, 20. 6. 2004 ). This method could be used only during thinning or principal felling. In younger forests, the specimens would stay on adjacent trees. Similarly SZMIDT (1969) used the application of pesticides and counting of fallen specimens to establish the number of specimens per tree crown. As mentioned above, we doubt that all specimens fall down mainly in closer and younger forests.
Only this value (seven nymphs per crown) can be compared with literature data on population densities. This value is lower in comparison with data reported by SZMIDT (1969) even in the period following outbreak in Poland in [1965] [1966] [1967] . The number of adults per tree crown ranged between 0.5 specimens in latency and 108 specimens in outbreak (KRYSTEK 1964) . Furthermore, only BAZYLUK (1949) reported some data on population density, e.g. even 2000 specimens/ha and only 0.5 specimens/ha in poorer forest stands.
